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INTRODUCTION 

The major i n t e r e s t  i n  o i l  sha le  development w i t h i n  t h e  Un i ted  Sta tes ,  thus fa r ,  
has focused on the  o i l  shales i n  t h e  Green R ive r  Format ion i n  Colorado, Utah and 
Wyoming. However, a s u b s t a n t i a l  p o r t i o n  (nea r l y  250,000 square m i l e s )  o f  the  East- 
e rn  Un i ted  States i s  under la in  by t h e  Devonian B lack  Shales, and i n  p r i n c i p l e ,  
represents a s izeab le  p o t e n t i a l  resource. These shales,  however, y i e l d  o n l y  l ess  
than one-ha l f  as much l i q u i d s  upon hea t ing  as do the  Green R iver  Format ion o i l  
shales,  because o f  t he  l e s s e r  hydrogen conten ts  o f  t h e  Devonian shales. 
processes t o  e x t r a c t  l i q u i d s  o r  improve recovery  r a t i o s  from the  Devonian shales 
must necessa r i l y  deal w i t h  spec ia l  r e t o r t i n g  techniques f o r  hydrogen d e f i c i e n t  
ma te r ia l s .  
process, which r e t o r t s  o i l  sha le  under hydrogen pressure  w i t h  the  r e s u l t  t h a t  o i l  
y i e l d s  o f  Devonian shales are  inc reased 2.5 t imes over those ob ta ined by the  stand- 
a r d  F ischer  assay. 
duced by t h e  IGT and F ischer  assay processes would be b e n e f i c i a l  toward: 
i n g  the  q u a l i t y  o f  t he  p roduc t  o i l s ,  b) understanding the  r e t o r t  process and c) 
p r o v i d i n g  i n fo rma t ion  f o r  o p t i m i z i n g  the  process. 

Nuclear Magnetic Resonance (NMR) i s  a technique t h a t  has been used ex tens ive ly  
t o  cha rac te r i ze  petroleum f r a c t i o n s .  An advantage o f  NMR i s  t h a t  it can be app l ied  
t o  whole o i l s  t o  determine gross compos i t iona l  and s t r u c t u r a l  changes t h a t  might 
occur du r ing  the process. Th is  i n f o r m a t i o n  i n  tu rn ,  can be used by process en- 
g ineers  t o  determine what parameters t o  va ry  o r  c o n t r o l ,  and by chemists t o  deter-  
mine t h e  need f o r  f u r t h e r  f r a c t i o n a t i o n  and cha rac te r i za t i on .  

H y t o r t  and F ischer  assay processes and hydro t rea ted  shale o i l s  from the  H y t o r t  
process. The F ischer  assay i s  t h e  s tandard  method f o r  eva lua t i ng  an o i l  sha le ' s  
p o t e n t i a l  f o r  conversion t o  l i q u i d s  and thus ,  o i l s  produced from the  F ischer  assay 
represent base l i ne  o i l s  f o r  comparison purposes. 
ana lys i s  o f  shale o i l s  us ing  NMR techn iques( l ,2 ) .  Those t h a t  have, have discussed 
shale o i l s  produced p r i m a r i l y  from Green R ive r  o i l  shales. 
Eastern o i l  shales,  coupled w i t h  t h e  ones produced from processes o the r  than the  
F ischer  assay, o f f e r  a s e t  o f  sha le  o i l s  d i f f e r e n t  enough t o  assess t h e  u t i l i t y  o f  
NMR methods. 

Therefore, 

One such cand ida te  process i s  t he  I n s t i t u t e  o f  Gas Technology's Hy to r t  

Charac te r i za t i on  o f  t h e  Eas tern  and Western o i l s  t h a t  are pro- 
a) assess- 

Th is  paper r e p o r t s  t h e  r e s u l t s  o f  NMR s tud ies  o f  shale o i l s  produced by the  IGT 

Few papers have appeared on the  

Shale o i l s  produced from 

EXPERIMENTAL PROCEDURE 

A. Shale O i l  Source 

The NMR s tud ies  were conducted on shale o i l s  ob ta ined from a Western Eocene 
shale (Colorado, Piceance Basin: and t w o  Eastern Oevonian shales (Kentucky Sunbury 
and Kentucky New Albany from Lewis and E u l l i t t  Count ies,  Kentucky, respec t i ve l y ) .  
The shale o i l s  from the  t h r e e  shales were ob ta ined us ing  the  IGT H y t o r t  Process 
Development U n i t  a t  IGT(3) and t h e  F i sche r  Assay r e t o r t  method a t  LETC(4). The 
Eastern shale o i l s  were f u r t h e r  upgraded us ing  t h e  IGT c a t a l y t i c  hyd ro t rea t i ng  u n i t  
a t  IGT(5). 
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I , 6.  Nuclear Magnetic Resonance 

Samples were prepared i n  5mm tubes f o r  'H and l O m m  tubes f o r  1 3 C  experiments. 1 Tet ramethy ls i lane  (TMS) was used as a re fe rence  f o r  bo th  n u c l e i  and CDC13 as the  
\ 

, 
so lven t  f o r  a l l  samples. Concentrat ions o f  approx imate ly  50/50 and 65/35 by  volume 
of sampie t o  so lvent  were used f o r  p r o t o n  and carbon-13 spec t ra ,  respec t i ve l y .  s i x  
percent  TMS i n  CDC13 p rov ided t h e  l o c k  s igna l  f o r  'H and t h e  s o l v e n t  C D i 1 3  p rov ided 
the  l ock  s igna l  f o r  1 3 C  NMR spectra.  

' C. Average Molecular S t ruc tu re  Parameters I 
\ 

The average molecular s t r u c t u r e  parameters f o r  t h e  va r ious  shale o i l s  were 

compute the  parameters were assembled from the  l i t e r a t u r e  and p a r t l y  de r i ved  by 
Netzel  and Hunter(6). 
f i ns (7 ) .  

! c a l c u l a t e d  from the  normal ized 'H and 1 3 C  spec t ra l  areas. The equat ions used t o  

The equat ions were mod i f i ed  t o  i n c l u d e  t h e  presence o f  o le -  

\ 
RESULTS AND DISCUSSION 

A. Shale O i l  - A n a l y t i c a l  Data 

Table I l i s t s  the  elemental compos i t ion  and the  H/C we igh t  r a t i o s  o f  t h e  East- 
e rn  and Western shale o i l s  ob ta ined from the  F ischer  assay and IGT H y t o r t  r e t o r t i n g  
processes. 
r a t i o  o f  the  hydro t rea ted  shale o i l s .  

pendent o f  the  r e t o r t i n g  process f o r  a g iven shale. However, f o r  the  hydro t rea ted  
IGT H y t o r t  shale o i l s ,  the  H/C r a t i o  increases as one would expect upon hydrogena- 
t i o n  o f  aromat ic and o l e f i n i c  molecules t o  form sa tu ra te  molecules. 
r a t i o  o f  the  Eastern shale o i l s  a re  s i g n i f i c a n t l y  lower than t h a t  o f  t he  Western 
shale o i l  i n d i c a t i n g  g rea te r  aromat ic conten t  f o r  t h e  Eas tern  sha le  o i l s .  

Also inc luded i n  t h e  Table a re  t h e  elemental composi t ions and H/C weight 

As shown i n  Table I, the  H/C we igh t  r a t i o  o f  t he  sha le  o i l  appears t o  be inde- 

The H/C weight 
I ' 

The t o t a l  s u l f u r  con ten t  o f  t h e  Western shale o i l s  i s  lower than the  Eastern 
shale o i l s  and appears t o  be independent o f  t he  r e t o r t i n g  process. 
con ten t  i s  s l i g h t l y  h igher  f o r  t he  Colorado sha le  o i l  r e l a t i v e  t o  the  two Kentucky 
shale o i l s .  The IGT H y t o r t  process r e l a t i v e  t o  the  F ischer  assay method tends t o  
increase the  n i t rogen  conten t  o f  t he  sha le  o i l s  independent o f  t h e  source o f  t he  o i l  
shale.  This increase may be due t o  t h e  more severe cond i t i ons  used i n  the  H y t o r t  
process. As expected t h e  hydro t rea ted  shale o i l s  have markedly reduced n i t rogen  and 
s u l f u r  contents.  

' The n i t rogen  

' 

6.  Shale O i l  - NMR Data 

F igure  1 shows the  'H NMR spectrum o f  t he  Colorado F i scher  assay shale o i l .  c, 
' 

Most o f  the  q u a n t i t a t i v e  i n f o r m a t i o n  on t h e  composi t ion o f  sha le  o i l  i s  der ived  from 
the  'H spectrum s ince  t h e  chemical s h i f t  ranges f o r  the  va r ious  hydrogen types found 
i n  hydrocarbons are  f a i r l y  w e l l  def ined6. 

F ischer  assay method and the  IGT H y t o r t  process. 
represents  the  a r o m a t i c / o l e f i n i c  carbon resonances. 
and 138 ppm are  due t o  1-alkenes(1). The a l i p h a t i c  carbon resonances are  found i n  
t h e  reg ion  from 0 t o  50 ppm. The f i v e  in tense s igna ls  (14, 23, 29, 30 and 32 ppm) 
i n  t h i s  reg ion  correspond t o  t h e  f i v e  s igna ls  assoc ia ted  w i t h  carbon cha in  g rea te r  
than 9. The g rea te r  t he  i n t e n s i t y  o f  the  resonance a t  30 ppm r e l a t i v e  t o  t he  i n -  
t e n s i t y  of t he  resonance a t  1 4  ppm, t h e  longer  the  carbon cha in  length .  The less  
in tense s igna ls  i n  t h i s  reg ion  are  due t o  branched and c y c l i c  alkanes and a l k y l  
groups of a lky la romat ics (2) .  
species f r o m  n e i t h e r  the  l H  nor  I 3 C  NMR spec t ra  b u t  on l y  the  average molecular type. 

F igure  2 shows the  1 3 C  NMR spec t ra  o f  t h e  Colorado sha le  o i l  produced from the  
The reg ion  from 100 t o  150 ppm 

?he two sharp resonances a t  114 

It i s  no t  p o s s i b l e  t o  i n f e r  t h e  i n d i v i d u a l  molecular 
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Figure  3 shows t h e  carbon-13 spec t ra  o f  t h e  Kentucky Sunbury sha le  o i l s  pro- 
duced by t h e  F ischer  assay and t h e  IGT H y t o r t  processes. 
produced by the  IGT H y t o r t  process were c a t a l y l i c a l l y  hydro t rea ted .  The carbon-13 
spectrum of  t he  hydro t rea ted  Kentucky New Albany shale o i l  i s  shown i n  F ig .  4. The 
spectrum of t he  hydro t rea ted  Kentucky Sunbury i s  n e a r l y  i d e n t i c a l  and i s  no t  given. 

The two Eastern  shale o i l s  

C. Average Molecular S t ruc tu re  Parameters 

Average molecular s t r u c t u r e  parameters and t h e  compos i t ion  o f  t he  hydrocarbon 
types  can be  determined from t h e  i n t e g r a t i o n  o f  t h e  area o f  t h e  var ious  carbon and 
hydrogen reg ions  i n  t h e  HMR spectra(6).  
s t r u c t u r e  parameters f o r  any hydrocarbon m ix tu re  i n c l u d i n g  sha le  o i l  several  assump- 
t i o n s  must be made. These assumptions are: (1) The sample con ta ins  o n l y  mono- and 
d ia romat ics  which i n  most cases i s  v a l i d  because the  concen t ra t i on  l e v e l  o f  t r i a r o -  
mat ics  i n  shale o i l  i s  smal l ,  ( 2 )  t h e  unsubs t i t u ted  non-br idged aromat ic  r i n g  carbon 
pro tons  o f  mono- and d ia romat ics  a r e  s u f f i c i e n t l y  separated i n  the  'H spectrum such 
t h a t  the  r a t i o  o f  mono- t o  d ia romat i cs  p ro tons  can be determined, (3) t he  number o f  
subs t i t uen ts  i n  t h e  mono- and d ia romat i c  components i s  t h e  same, (4) t h e  concentra- 
t i o n  o f  he teronuc lear  molecules i s  low ( a  weak assumption), (5)  one hydrogen per 
o l e f i n i c  carbon and (6) l ong  carbon cha in  a l k y l  s u b s t i t u e n t s  on aromat ic r i n g s  and 
l o n g  a l k y l  carbon chains o f  o l e f i n s  a re  computed as sa tu ra te  hydrocarbons. 

Because the  sha le  o i l s  were c o l l e c t e d  over a l a r g e  temperature range, the  
v a l i d i t y  o f  average s t r u c t u r a l  parameters i n  rep resen t ing  molecu la r  type  i s  almost 
meaningless. The s t r u c t u r a l  parameter da ta  a r e  va luab le  i n  t h a t  they  q u a n t i t a t i v e l y  
represent  observed changes i n  t h e  'H and 1 3 C  NMR spec t ra  o f  t h e  sha le  o i l s ,  and thus 
t rends  may be es tab l i shed.  

impor tan t  parameters a re  t h e  hydrogen and carbon a r o m a t i c i t i e s .  The hydrogen aroma- 
t i c i t y ,  f', i s  de f ined as the  area measurement o f  t h e  aromat ic  hyflrogens d i v ided  by 
t h e  t o t a l a a r e a  o f  a l l  hydrogens i n  t h e  'H spectrum. 
and Western shale o i l s  produced by the  F i sche r  assay, IGT H y t o r t  Bnd t h e  hydro t rea t -  
ed  H y t o r t  methods are  g iven i n  t h e  tab les .  

The r a t i o  o f  t h e  i n t e g r a t e d  aromat ic  carbon reg ion  t o  $he t o t a l  i n teg ra ted  
carbons i n  the  13C spectrum g i ves  t h e  carbon a r o m a t i c i t y ,  f . 
f o r  t he  var ious  shale o i l s  a re  a l s o  g iven i n  Tables 11, 111: and I V .  It should be 
no ted  t h a t  t he  carbon a r o m a t i c i t y  va lue  i s  n o t  t o t a l l y  due t o  aromat ic carbons but 
a l s o  o l e f i n i c  carbons. 

When c a l c u l a t i n g  the  average molecular 

Tables 11, 111, and I V  g i v e  t h e  average molecu la r  s t r u c t u r e  parameters. Two 

Values f o r  f f o r  t h e  Eastern 

Carbon a romat i c i t i es  

H C The measurement o f  f and f a r e  ob ta ined d i r e c t l y  from t h e i r  respec t i ve  NMR 
spectrum. 
i n  computing these values. 
changes which migh t  occur i n  a system under r e t o r t i n g  cond i t i ons  o r  hydro t rea t ing .  

va r ious  shale o i l s .  
compare sha le  o i l  source and r e t o r t i n g  methods. To conver t  t h e  mole percentages t o  
we igh t  o r  volume percentages r e q u i r e s  a d d i t i o n a l  assumptions rega rd ing  average 
molecu la r  weights and average d e n s i t i e s  f o r  t he  hydrocarbon types and thus i s  no t  
germane t o  the  discussion. More so than t h e  H/C we igh t  r a t i o s  (Table I ) ,  t h e  mole 
Percent  of aromat ics (which i nc ludes  n i t r o g e n  s u l f u r  and oxygen heteroaromat ics),  
o l e f i n s  and alkanes i n  Tables I 1  th rough I V  show c l e a r l y  the  d i f f e r e n c e s  i n  Eastern 
and Western shale o i l s  ob ta ined from the  two r e t o r t i n g  and h y d r o t r e a t i n g  processes. 

produced by t h e  F ischer  assay method and the  IGT Hytort processes con ta in  about 
t w i c e  as much aromat ics compared t o  the  Colorado shale o i l .  

That  i s ,  no a s h n p t i o a s  (as ide  from o l e f i n i c  c o n t r i b u t i o n  t o  f ) are made 
Thus these values a re  impor tan t  i n  represent iag  any 

Tables I 1  through I V  a l s o  l i s t  the  mole pe rcen t  o f  hydrocarbon types i n  the  
To a ve ry  good f i r s t  approximat ion,  t he  da ta  can be used t o  

I t  i s  r e a d i l y  seen from t h e  da ta  i n  Tables 11-IV t h a t  t h e  Eastern shale o i l s  

For the  Colorado shale 
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\ 

o i l ,  the mole percent of aromatics are  nearly same regardless of the  r e t o r t  method 
1 (probably due t o  less  severe conditions used i n  the Hytort process). However, f o r  

the Eastern shale o i l s ,  the IGT Hytort process increases the mole percent of aro- 
\ matics re la t ive  t o  the Fischer assay method. 

Eastern shale o i l s  over the Colorado shale o i l  i s  the r e s u l t  of (1) higher aromatics 
\ in  the raw o i l  shales which i s  supported by so l id  s t a t e  NMR data  and (2)  re tor t ing  

in  a hydrogen atmosphere which may f ree  more aromatics from the matrix. 

9 re la t ive  t o  the two Kentucky shale o i l s  (see Tables iI-IV), while the IGT Hytort 
process produces less  olef ins  overal l .  However, the Colorado Hytort shale  o i l  s t i l l  ' has more olef ins  then the Kentucky Hytort shale  o i l s .  
the f a c t  the hydrogen pressure used in the IGT Hytort of the  Colorado shale was 
lower than the hydrogen pressure used f o r  the Eastern shales. 

As expected, the hydrotreating o f  the Kentucky Hytort shale o i l s  considerably 
reduces the mole percent o f  aromatics and o le f ins  with a corresponding increase in 
the mole percent o f  alkanes. 

This increase i n  aromatics for t h e  

I The Fischer assay method produces more o le f ins  f o r  the Colorado shale  o i l  

This i n  p a r t  may be due t o  

\ 

,' 

CONCLUSIONS 7 

I t  has been shown t h a t  computing the average molecular s t ruc ture  parameters 
from NMR data of shale o i l s  can be useful in  describing changes in  the o i l s  resu l t -  
ing from di f fe ren t  re tor t ing methods and source of the o i l  shale. \ 

, Eastern shale o i l s  are  more aromatic than the Western shale o i l  regardless of 
I t  a lso has been observed t h a t  the IGT Hytort process increases the r e t o r t  method. 

the aromatic content and lowers the o le f in ic  content of the  Eastern shale o i l s ,  
I,, re la t ive  t o  the Fischer assay method. 

\ 

. 1. 

\ 

2. 

3. 
\ 

4. 

1 

5. 

\ 

6. 
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TABLE I ELEMENTAL ANALYSES OF SHALE OILS AND HYOROiREATED SHALE OILS 

Elementa l  A n a l y s i s ,  'WE 
IGT-Hytor t  

F i sche r  Assay IGT-Hy to r t  Hyd ro t rea ted  
A a 

t o l o r a d o  Shale 011 
Carbon 85.08 84.30 84.57 
Hydrogen 11.54 11.42 11.40 
S u l f u r  .73 .63 0.62 
N i t r o g e n  1.80 1.90 2.13 

H/C Weight  R a t i o  0.135 0.136 0.135 
Oxygen 1 . 3 1  1.50 0.98 

Kentucky New Albdny Shale O i l  
Caroon 
Hydrogen 
S u l f u r  
N i  t ragen  
Oxygen 
H/C Weight  R a t i o  

84 .91  
3.83  
1.02 
1 . 5 2  
1.72 
0.116 

84.97 
10.08 

1 . 6 1  
1.56 
2.00 
0.119 

85.46 
9.42 
1.52 
2.12 
1 .61  
0.110 

88.27 
11.70 

.os 

.40 

.12 
0.133 

Kentucky Sunbury 
Caroon 84.36 84.59 85.45 87 .30  
Hydrogen 9.96 9.98 9.56 12.60 
S u i f e r  1.33 1.59 0. 99 .OK 
N i t r o g e n  1.33 1.48 2.12 .17 
Oxygen 2.12 2.36 1.22 .28 
H/C Weight R a t i o  0.118 0.118 0.112 0.144 

TABLE I 1  AVERAGE MOLECULAR STRUCTURE PARAMETERS AND MOLE PERCENT AROMATICS. 
OLEFINS. AND ALKANES FOR COLORADO SHALE OILS OBTAINED FROM THE 

FISCHER ASSAY AN0 I G T  HYTORT PROCESSES 

Shale O i l  Processes 
E s t h e r  Assay IGT 

Hydrogen A r o m a t i c i t y  * & % F  
Capbon A r o m a t i c i t y *  ,244 .244 ,269 

Mole Percent  Aromat ics**  26.5 26.1 28.1 
Percen t  Mono- 24.9 24.3 25.3 
Percen t  O i -  1.6 1.8 2.8 
F r a c t i o n  o f  S u b s t i t u t e d  6 Br idged 

Carbons ,158 ,154 ,156 
F r a c t i o n  o f  U n s b u s t i t u t e d  Carbons ,087 ,090 ,113 
Number o f  A l k y l  Subs t i t uen ts /R ing  3 . 3  3.2 2.8 

Hole Percen t  O l e f i n s  6 . 3  7.2 4.9 

Mole Percent  Alkanes 67.2 66.7 66.9 
F r a c t i o n  o f  n-a lkanes .35 .40 . 5 1  
F r a c t i o n  o f  branched Alkanes*** . 6 5  .60 .49  

Carbon Chain-Length 11.7 14.3 1 7 . 1  
CH,/CH, R a t i o  2 . 1  2.3 2.2 

T o t a l  Atomic HIC R a t i o  1.60 1 . 6 1  1 .61  
Aromat ic  H/C R a t i o  .36 . 3 7  .42  
Alkane H/C Rat io  2.01  2.02 2.04 

" Inc ludes  o l e f i n i c  carbons 
Inc ludes  he te roa romat i cs  
Inc ludes  c y c l i c  a lkanes and a l k y l  s u b s t i t u e n t  carbons on aromat ic  r i n g s  

** 
"l* 
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Shale O i l  Processes 
F i sche r  Assa IGT IC: H y t o r t  

A  -& H y d r o y w i t e d  
Hydrogen A r o m a t i c i t y  m2- 
Caroon Aromat i c i t y "  , 362  , 3 7 3  ,468 ,177 

Mole Percent Aromat ics"*  46.4 46.9  60.0 32.9 
Percent  Mono- 4 1 . 1  42.5 51.3 30.0 

F r a c t i o n  o f  Subs t i t u ted  b Br idged ,245 , 212  , 2 2 1  .055 
Percent  O i -  5.3 4.4 5.6 2.9 

Carbons 
F r a c t i o n  o f  Unsubs t i t u ted  Carbons ,225 .161 ,141 . 123 
Number o f  A l k y l  Subs t i t uen ts /R ing  3 . 0  2.8 2.3 2 . 7  

Mole Percent  O le f i ns  4.4 5 . 1  4 0 0.0 

Mole Percent  Alkanes 49.2 48.0 3 9 . 1  67.1 
F r a c t i c n  o f  n-alkanes .29 .29 27 . 2 3  
F r a c t i o n  o f  brancned alkanes*** .71 . 7 1  .73 .77 
CH,/CH3 R a t i o  1.04 . 9  . 8  1.1 
Carbon Chain-Length 9.2 10.7 10.0 11.2 

To ta l  Atomic H/C Rat io  
Aromat ic  H/C R a t i o  
Alkane H/C R a t i o  

1.38 1.41 1.31 1.58 
.39 .43 .48  .69 

1.94 2.00 2.05 1.77 

* Inc ludes  o l e f i n i c  Carbons 
**  Inc ludes  heteraaromat ics 
'** Inc ludes  c y c l i c  a lkanes and a l k y l  SUbSt i tuent  carbons on aromat i c  r i n g s  

TABLE I V  AVERAGE MOLECULAR STRUCTURE PARAMETERS AN0 MOLE PERCENT AROMATICS, 

FISCHER ASSAY, IGT HYTORT AND HYDROTREATMENT PROCESSES 
OLEFINS. AND ALUNES FOR KENTUCKY SUNBURY SHALE OILS OBTAINEO FROM THE 

Shale Oil Processes 
F l shce r  Assay IGT I G T  H y t o r t  

A  B Hydro t rea ted  
Hydrogen A r o m a t i c i t y  x.119 ,048 
Carbon A r o m a t i c i t y "  ,383 .382 ,453 .I84 

Mole Percent  Aromatics*" 52.3 48.7 62.9 1 9 . 8  
Percent  Mono- 47.9 41.8 53.6 17.3 
Percent  O i -  4.5 6.9 9.4 2.5 
F r a c t i o n  o f  S u b s t i t u t e d  b 

Br idged Carbons ,205 ,214 ,225 ,101 
F r a c t i o n  o f  Unsubs t i t u ted  ,178 ,168 ,229 ,084 

Number of  A l k y l  Subs t i t uen ts /  2 . 7  2.8 2.5 2.7 

Ma l e  Percent  Oie f i n s  6 .6  6 . 0  3.1 0.0 

Mole Percent  Alkanes 41.1 45.3 33.9 80.2 
F r a c t i o n  o f  n-al  Lanes . 3 1  . 31  . 28  . 2 2  
F r a c t i o n  O f  branched alkanes'** . 69  .69 .72 78 

Carbon Chain-Length 10.0 9.7 10.4 8 .7  

Carbons 

R ing  

CH?/CH, R a t i o  . 6  .7 . 3  1.3 

To ta i  AtomTc H/C R a t i o  
Aromat ic  H/C R a t i o  
Alkane H/C R a t i o  

1.41 1.41 1.33 1. 72 
.46 .44 .50 .45  

1.99 2.00 2.02 2.00 

* Includes o l e f i n i c  carbons 

*Ia 
I nc luaes  he te roa r ima t i cs  
Includes c y c l i c  a lkanes and a l k y l  s u b s t i i u e n t  carbons on aromat ic  r i n g s  

** 
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Figure 1 1H NMR SPECTRUM OF THE COLORADO SHALE O I L  OBTAlNEO FROM THE 
FISCHER ASSAY METHOD 

Carbon-13 NMR 

Colorado Shale Oil 
Fischer Assay 

I 

NMR SPECTRA OF THE COLORADO SHALE O I L S  OBTAINED FROM THE 
FlSCHER ASSAY AND I C 1  HYIORI  PRDCESJ~S 
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Carbon-13 NMR 
Kentucky New Albany Shale Oi l  
Fischer 1 

200 ppm 
p p x  

IGT Hytort Process /li , 

Figure 3 I 3 C  NMR SPECTRA OF T H E  KENTUCKY NEW ALBANY S H A L E  O I L S  O B T A I N E D  
FROM T H E  F I S C H E R  ASSAY AND I G T  H Y T O R T  PROCESSES 

Carbon-13 NMR 
KENTUCKY NEW ALBANY SHALE OIL 

IGT-Hytort Hydrotreated 

Figure 4 I3C NMR SPECTRUM OF T H E  HYDROTREATED K E N T U C K Y  NEW A L B A N Y  SHALE 
OIL O B T A I N E D  FROM T H E  IGT  H Y T O R T  PROCESS 
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